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   Throughout the course of this research work, PP has been used as the synthetic polymer matrix, whose biodegradability 
has been tested by blending with flour (starch) and sawdust (cellulose). The composites were then exposed to four 
degradation conditions: (1) Moist soil to analyze the combined effect of microbial attack, oxidation and hydrolysis. (2) 
Water to analyze the combined effect of hydrolysis and oxidation. (3) 10% salt solution to examine the effect of chloride ion 
on degradation. (4) Normal environmental conditions (weathering) to examine effect of exposure to sunlight (UV, visible, 
and near infrared rays), moisture (humidity and rainfall), temperature cycling and wind. 
    After exposure to the degradation conditions for a period of 15 weeks, the biodegradability of pure PP and the 
developed composites was measured by visual inspection, tensile tests, FTIR analysis and water absorption tests. Moreover, 
SEM analysis of the tensile fracture surfaces was performed to determine the nature of failure. 
2. Experimental 
2.1. Materials 
Commercial PP, bought from the local market in Dhaka, was used as the polymer matrix. The PP in the form of 
homopolymer pellets had a specific gravity of 0.91.The wood sawdust (mesh 80-100) used was medium wood obtained 
from a local sawmill in Dhaka. The wheat flour (mesh 230-270) used was also of local grade. Moreover, polyester and 
methanol were also used during the composite preparation to ensure uniform and adequate mixing. 
2.2. Natural fiber preparation 
 
The sawdust and wheat flour were dried in a furnace at 80oC for 24 hours to remove moisture and any volatile impurities 
present. 
2.3. Fabrication of pure PP,PP-wood sawdust composites and PP-wheat flour composites 
    The PP and the natural fibers (5% by weight) were vigorously mixed with polyester and methanol to obtain a uniform 
mixture. The mixture was then heated in the furnace at 110oC for 20-30 minutes to remove moisture adhering to the surface 
and finally hot pressed into sheets measuring 220 mm x 220 mm x 3mm according to the heating cycle shown in Fig 1. 
Identical pure PP sheets were fabricated using the same parameters. 
2.4. Preparation of samples for exposure to degradation conditions 
The sheets were then cut into 115mm x 20mm x 3mm weathering samples (Fig 2.) for exposure to the degradation 
conditions for a period of 15 weeks. 
 
        
                  Fig. 2.  Samples prepared for weathering 
 
                                              Fig. 1. Heating cycle of hot press                                                          
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3.2 Tensile test results 
 
 The tensile strength of the as-received pure PP was found to be 32.1MPa. However, addition of both wheat flour and 
sawdust to PP decreased its tensile strength to 29MPa and 26MPa respectively as confirmed by other researchers [14-18, 
23]. This may be mainly attributed to the poor interfacial adhesion between the hydrophobic polymeric matrix of PP and the 
hydrophilic lignocellulosic fillers, which does not allow efficient 
stress transfer between the two phases of the material [14-18, 24].  
The percentage elongation of both composites also decreased in 
comparison to pure PP.  
Decrease in the tensile strength of the samples after exposure to the 
degradation conditions is a direct indication of the extent of 
degradation that has occurred. The most prominent decrease in tensile 
properties after degradation was observed in samples exposed to brine 
solution and those buried under moist soil and the least prominent 
decrease was observed in samples exposed to atmospheric weathering. 
Presence of chloride ion in brine is responsible for considerably 
weakening the composites and the presence of various soil microbes 
in soil facilitate biodegradation of the composites. Moreover, the PP-
sawdust composites demonstrated a greater decrease in tensile 
properties than the PP-wheat flour composites in opposition to the 
tensile properties of the pure PP samples that remained almost 
unaffected by any of the degradation conditions. This is because sawdust contains highly hydrophilic substances like 
cellulose and hemicelluloses for which its water absorption ability is superior to wheat flour [18, 24]. Therefore, sawdust 
composites are more prone to biodegradation than wheat flour composites as they encourage and accelerate microbial attack 
and degradation by hydrolysis [1-2, 5, 18, 23]. The bar charts in Fig 5. and Fig 6. illustrate the changes in the tensile 
strength of the composites in the various degradation conditions. 
 
 
3.3 SEM analysis 
The SEM images of the tensile specimen fracture surfaces are shown in Fig 7. The fracture surfaces of pure PP are 
characteristic of a brittle fracture with cleavage planes (Fig 7a.).The fracture surface of both composites, especially the PP-
sawdust composites, revealed the presence of voids (Fig 7b.) which clearly indicates the poor interaction between the non-
polar matrix and polar fillers and thus explains the decreased tensile properties of the composites. Moreover, both 
composites revealed the presence of localized fibrils which suggest plastic deformation of the matrix as shown in Fig 7c. As 
the adhesion of the matrix and the fillers is poor so the matrix can deform independently until the filler particles restrict the 
deformation [16]. 
18
20
22
24
26
28
30
As received 
PP sawdust 
composite
Composite 
exposed to 
open 
atmospheric 
Composite 
exposed to 
water
Composite 
exposed to  
brine
Composite 
buried under 
moist soil
Tensile Strength(Mpa) of PP
sawdust composites
Fig. 5. Bar chart showing the tensile strength of  PP-sawdust 
composites  after exposure to the degradation conditions
18
20
22
24
26
28
30
As received 
PP wheat 
flour 
composite
Composite 
exposed to 
open 
atmospheric 
Composite 
exposed to 
water
Composite 
exposed to  
brine
Composite 
buried under 
moist soil
Tensile Strength(Mpa) of PP
wheat flour composites
Fig.  6. Bar chart showing the tensile strength of  PP-wheat flour 
composites  after exposure to the degradation conditions 
. 
0
0.5
1
1.5
2
2.5
3
PP+5% 
Sawdust 
Composite
PP+5%Flour 
Composite 
PP
% water 
absorption after 1 
week
Fig. 4. Bar chart showing percent water
absorption of the samples
799 Takian Fakhrul and M.A. Islam /  Procedia Engineering  56 ( 2013 )  795 – 800 
Fig. 7
3.4 
From
signif
almo
natur
water
great
3.5 F
 
An
result
that m
After
the d
occur
1646
doub
peaks
comp
a 
. SEM micrograp
Water absorp
 the water abs
icantly increa
st twice as hig
e due to the p
 absorption [1
er decrease in 
TIR analysis 
alysis of FTIR
s were in pari
ost degradatio
Fig 8
 exposure to th
issociation or 
red [2, 5,13].T
.9cm-1 and 137
le bond (C=C)
 at 1725cm-1 
arative attenua
hs showing fractu
tion test results
orption test re
sed by the add
h, than the PP
resence of the
4,18,24]. Thi
tensile propert
 spectrum of
ty with the ten
n occurred in 
. FTIR spectrum o
e degradation
breakdown of
he PP-sawdu
6.6cm-1(Fig 8
 and methyl gr
and 1650cm-1
tion in the int
re surfaces of (a) 
wh
 
sults it is evid
ition of sawd
-flour compos
 hydrophilic h
s result also e
ies than the PP
 all the sampl
sile test and v
the sawdust co
f PP-sawdust com
 conditions, th
 the correspon
st composites 
.) which positi
oup (CH3) resp
, whereas sam
ensity of the o
b 
PP at a magnificat
eat flour at a mag
ent that pure P
ust and flour. 
ite. This may b
ydroxyl group
xplains why t
-sawdust com
es before and 
isual inspectio
mposites expo
posite (a) before 
e disappearanc
ding groups 
exposed to bri
vely indicates 
ectively. Spec
ples exposed 
ther peaks. Th
ion of 1000x,(b) P
nification of  300
P is extremely
Water absorpt
e attributed to
s of cellulose
he PP-sawdus
posites. The re
after exposure
n outcome in 
sed to brine fo
exposure, (b) after
e of functiona
and thus gives
ne solution re
the dissociatio
tra of samples
to water revea
e spectra of sa
c
P-sawdust compo
0x 
 hydrophobic 
ion is higher i
 the fact that 
, hemicellulos
t composites e
sults are expre
 to the degrad
which all the e
llowed by com
 exposure to brine
l groups deter
 an idea of th
vealed the disa
n of the bonds
 exposed to m
led disappear
mples expose
site at a magnific
and its water 
n the PP-sawd
wood is extrem
es and lignin t
xhibit more s
ssed in a bar c
ation conditio
vidence point
posites burie
 solution for 15 w
mined by FTIR
e extent of d
ppearance of 
; carbonyl (C=
oist soil showe
ance of the pe
d to the open a
 
ation of 1000x, (c)
absorbing abil
ust composite
ely hydrophi
hat responsibl
urface crazing
hart in Fig 4.
ns showed tha
ed towards the
d in moist soil
 
eeks 
 analysis indi
egradation tha
peaks at 1725
O), carbon-ca
d disappearan
ak at 1725cm
tmosphere sho
 PP-
ity is 
, i.e. 
lic in 
e for 
 and 
t the 
 fact 
. 
cates 
t has 
cm-1, 
rbon 
ce of 
-1and 
wed 
800   Takian Fakhrul and M.A. Islam /  Procedia Engineering  56 ( 2013 )  795 – 800 
` 
the least changes. Furthermore, pure PP samples showed no visible changes in the spectra before and after exposure to any 
of the degradation conditions thus confirming the non-biodegradable nature of PP. 
4. Conclusion 
The addition of sawdust and wheat flour to PP has evidently increased its biodegradability which is apparent from the 
reduced tensile properties in the composites, the disappearance and attenuation of the infrared spectra peaks and visible 
crazing of the samples after exposure to the degradation conditions. The most pronounced degradation was observed in 
samples exposed to brine solution followed by samples buried under moist soil. This can be accounted for by the presence 
of the highly corrosive chloride ion in brine solution and the presence of microorganisms (bacteria and/or fungi) in the soil 
that initiate depolymerization on the surface of the composites thus aiding in the process of degradation. Composites 
exposed to water showed intermediate decrease in tensile properties and composites exposed to the open atmosphere 
showed the least decrease in tensile properties after exposure. Another interesting observation was that the PP-sawdust 
composites exhibited greater biodegradability than the PP-wheat flour composites which is because of the high water 
absorption ability of sawdust in comparison to wheat flour which facilitates an increased rate of degradation by microbial 
attack and hydrolysis.  
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